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It is a well known fact that, in the electrolysis of a
CUS04 solution containing iron sulfate, using insoluble anodes, with
the depletion of copper, the point is finally reached where the cur~
rent efficiency becomes zero.l This decrease in current efficiency is
due to the oxidation of the ferrous sulfate-to the ferric condition at
the anode, by the oxygen liberated. The resulting ferric sulfate dif-
fuses over to the cathode and there dissolves copper from the cathode
according to the chemical equation
This copper, which has been deposited at the cathode by the electric
current, is thus redissolved by the Fe2(S04)3. The solution of the cop-
per causes at the same time a formation of FeS04 which in turn diffuses
over to the anode and is there oxidized to Fe2(S04'3; and so the cycle
continues, using electric current without rendering useful work.
E. H. Larison2 has noted that a definite amount of ferric
salts must be reduced to the ferrous condition before all the copper
will remain on the cathode; he does not state, however, just what this
point is. L. Addicks3 has plotted the relation between current efficien-
cy and ferric sulphate content. The existence of the results scattered
the points more or less, although the decrease in current efficiency
with increased ferric sulphdte content is clearly indicated. E. T.
Kern4 has likewise noted that the smaller the amount of copper in the
solution, the greater is the reduction of current efficiency.
1. Greenawalt. '~ydro-metallurgy of Copper" 1912,
E. & M. J. Volume No. 84, Sept. 7, 1907, 442.
Transactions of American Electrochemical Soc. 28
" " " " " " 33
299.
2.
3.
4.
(1915),98.
(1918), 131.
In this work, therefore, it was desired to determine what
amount of ferric iron was permissible in a copper sulfate solution
of definite concentration before the current efficiency would drop
to zero, and what, if any, was the effect of definite Cu:Fe'" ratio
upon the current efficiency of the electrolysis.
In the solution was placed a lead anode and a copper cathode
spaced about three inches apart. Circulation was obtained by means of
an electric stirrer. The current was obtained from a Motor-Generator
set as shown in Figure 1.
/
Figure 1.
The voltage and runperage was regulated-by means of a resis-
tance connected as in Figure 2.
Figure 2. rh$-----------1::---<1 "-r
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A current of 2 amperpa corresponds to a current density of
19.5 amps per sq_.ft.; and an ammeter reading of €I amperes corresponds
to a current density of 62.8 amps per sq. ft.
Figure 3.
With a concentration of 18 grams per liter of copper it was
found that a current density higher than 20 amperes per sq. ft. pro-
duced a soft spongy deposit, but that a current density under 20 amperes
per sq. ft. produced a firm coherent deposit. With a solution of 60
grams liter of copper it is possible to obtain a firm coherent deposit
with a current density of 62.8 amperes per sq. ft. This leads to the
5uggestion that there is possibly a maximum current density which can
be used to obtain a firm deposit for definite concentrations of the
electrolyte. In the work described herein, small additions of glue
were used to increase the firmness of the deposit, and 40 grams H2S04
per liter was added to decrease the resistance of the electrolyte and
thereby the necessary voltage.
Using a CuSo4 solution containing 18.5 grams per liter, and
adding to this solution enough ferrous iron sulfate to make 21 grams
per liter of ferrous iron. The electrolysis was run in the following
manner. At the end of a definite period of time, usually 30 minutes,
the cathode was removed, washed with distilled water, dried with pure
grain alcohol, and weighed. From the increase in weight of copper and
the amount of current used the current efficiency was calculated. At
the same time a 5 cc sample of the electrolyte was analyzed for the
ferrous and total iron, determining the ferrous iron immediately by the
permanganate method and then determining the total iron by a standard
dichromate solutionl using di-phenol-amine as an internal indicator.
The ferrous iron subtracted from the total iron leaves the amount of
1. This scheme was taken from "Methods in Non-Ferrous Metallurgical
Analysis" by Keffer.
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ferric iron as the difference. The copper concentration of the
electrolyte was calculated from the amount of copper percipitated
from the solution. From time to time the calculated concentration
was checked by titration. Using the average concentration of cop-
per and ferric iron before and after each run, the Cu:Fe'" ratio
was calculated. The results obtained are tabulated in Table I.
By plotting the current efficiency against the ferric con-
tent of the solution it can be seen from Figure 4, that the relation
was practically a straight line, the- current efficiency decreasing
directly with the increase of ferric iron.
Plotting current efficiency against the Cu:Fe' '.'ratiO, how-
ever, as in Fi~lre 5, it is seen that the current efficiency drops
suddenly to zero when the amount of ferric iron is equal.to 1/2 the
amount of copper present.
In order to determine whether this relationship between the
current efficiency and the Cu:Fe'" ratio is a constant one or whether
it changes with other copper concentrations another test was run using
this time a more concentrated CuS04 solution.
:OP¥ 2·~
The results of test No.2 are tabulated in table No.2.
Plotting current efficiency against Fe'" concentration it is seen
from Figure 6 that this relationship is also a straight line as was
the case with test No.1. The curve in Figure 6, however, does not
coincide with that obtained in Figure 4, this leads to the assumption
that when the copper concentration of the solution changes that the
Fe'" content may also change.
Plotting the current efficiency against the Cu:Fe'" ratio,
the curve in Figure 7 is obtained. This curve has the same general
slope thruout as the corresponding curve in Figure 5. The two curves
run parallel. It was thought that they should coincide but since they
do not it is likewise possible that the Cu:Fe'" ratio may vary with
the copper concentration of the solution in order to obtain the same
current efficiency.
Several confirmation tests were made on a solution containing
60 grams per liter of .copper and 8 grams per liter of iron (Fe"') and
the usual amount of sulphuric acid. The points obtained in these tests
fell on the curve in Figure 4 and this seemed to confirm the theory
that the Cu:Fe'" ratio determined the current efficiency obtainable ir-
respective of the copper concentration of the electrolyte.
CONCLUSION
In the electrolysis of a CuS04 solution containing iron, the
current of efficiency drops regularly with the increase of ferric iron.
This relationship is represented by a straight line, but solutions hav-
ing different copper concentrations resulted in different straight lines
which have the same slope but do not coincide.
It is posRible that the relationship between the current
efficiency and the copper iron ratio varies likewise with the copper
concentration of the electrolyte. A number of results~ which were by
no means complete, nor even sufficient, indicated that this relation-
ship was an independent one •
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